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Subjective cognitive decline: opposite links
to neurodegeneration across the Alzheimer’s
continuum

Elizabeth Kuhn,I Audrey Perrotin,2 Clémence Tomadesso,"2 Claire André,"2 Siya Sherif,I
Alexandre Bejanin,I Edelweiss Touron,' Brigitte Landeau,' Florence Mezenge,I

Denis Vivien,'”* Vincent De La Sayette®* and Gaél Chételat' for the Alzheimer’s Disease
Neuroimaging Initiative'

*  Part of data used in preparation of this article were obtained from the Alzheimer’s Disease Neuroimaging Initiative database (adni.
loni.usc.edu). As such, the investigators within the ADNI contributed to the design and implementation of Alzheimer’s Disease
Neuroimaging Initiative and/or provided data but did not participate in analysis or writing of this report. A complete listing of
Alzheimer’s Disease Neuroimaging Initiative investigators can be found at: http://adni.loni.usc.edu/wp-content/uploads/how_to_
apply/ADNI_Acknowledgement_List.pdf.

Subjective memory decline is associated with neurodegeneration and increased risk of cognitive decline in participants with no or
subjective cognitive impairment, while in patients with mild cognitive impairment or Alzheimer’s-type dementia, findings are incon-
sistent. Our aim was to provide a comprehensive overview of subjective memory decline changes, relative to objective memory per-
formances, and of their relationships with neurodegeneration, across the clinical continuum of Alzheimer’s disease. Two hundred
participants from the Imagerie Multimodale de la maladie d’Alzheimer a un stade Précoce (IMAP+) primary cohort and 731 par-
ticipants from the Alzheimer’s Disease Neuroimaging Initiative (ADNI) replication cohort were included. They were divided into
four clinical groups (Imagerie Multimodale de la maladie d’Alzbeimer a un stade Précoce/Alzheimer’s Disease Neuroimaging
Initiative): controls (n=67/147, age: 60-84/60-90, female: 54/55%), patients with subjective cognitive decline (n=30/84, age:
54-84/65-80, female: 44/63 %), mild cognitive impairment (1 =50/369, age: 58-86/55-88, female: 45/44%) or Alzheimer’s-type
dementia (7 =36/121, age: 51-86/61-90, female: 41/41%). Subjective and objective memory scores, and their difference (i.e. delta
score reflecting memory awareness), were compared between groups. Then, voxelwise relationships between subjective memory de-
cline and neuroimaging measures of neurodegeneration [atrophy (T1-MRI) and hypometabolism (‘*F-fluorodeoxyglucose-PET)]
were assessed across clinical groups and the interactive effect of the level of cognitive impairment within the entire sample was
assessed. Analyses were adjusted for age, sex and education, and repeated including only the amyloid-positive participants. In
Imagerie Multimodale de la maladie d’Alzheimer a un stade Précoce, the level of subjective memory decline was higher in all pa-
tient groups (all P < 0.001) relative to controls, but similar between patient groups. In contrast, objective memory deficits progres-
sively worsened from the subjective cognitive decline to the dementia group (all P < 0.001). Accordingly, the delta score showed a
progressive decline in memory awareness across clinical groups (all P < 0.001). Voxelwise analyses revealed opposite relationships
between the subjective memory decline score and neurodegeneration across the clinical continuum. In the earliest stages (i.e.
patients with subjective cognitive decline or Mini Mental State Examination > 28), greater subjective memory decline was associ-
ated with increased neurodegeneration, while in later stages (i.e. patients with mild cognitive impairment, dementia or Mini Mental
State Examination < 27) a lower score was related to more neurodegeneration. Similar findings were recovered in the Alzheimer’s
Disease Neuroimaging Initiative replication cohort, with slight differences according to the clinical group, and in the amyloid-posi-
tive subsamples. Altogether, our findings suggest that the subjective memory decline score should be interpreted differently from
normal cognition to dementia. Higher scores might reflect greater neurodegeneration in earliest stages, while in more advanced
stages lower scores might reflect decreased memory awareness, i.e. more anosognosia associated with advanced neurodegeneration.
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Subjective decline and neurodegeneration

Introduction

Subjective cognitive decline, also conceptualized as cogni-
tive complaints, refers to the self-perception of worsening
cognitive abilities relative to a previous level of perform-
ance. Such perception is often the warning signal that
will motivate an individual to refer to a memory centre.
Patients who experience a subjective decline in cognitive
functioning but perform within the normal range for age,
sex and education on objective cognitive tests are referred
to as SCD patients." In SCD patients, the presence of sub-
jective cognitive decline is known to be related to an
increased risk of subsequent objective cognitive decline’?
and conversion to dementia.*> Moreover, neuroimaging
studies showed that SCD patients, when compared as a
group to a control population, have increased levels of
biomarkers suggestive of Alzheimer’s disease,”’ including
both amyloid deposition and neurodegeneration—i.e. hip-
pocampal atrophy and/or temporoparietal hypometabo-
lism.>~'? Altogether, data suggest that SCD patients are at
greater risk for Alzheimer’s disease than cognitively unim-
paired elderly without subjective cognitive decline, as their
subjective cognitive decline would in part reflect subtle
cognitive decline that has not yet reached the level of ob-
jective impairment required for the MCI diagnosis."

In later stages, i.e. in patients with MCI or
Alzheimer’s-type dementia, the meaning of subjective cog-
nitive decline as regard to the potential underlying path-
ology is less clear. Few studies have assessed the cerebral
substrates of subjective cognitive decline at these later
stages, and most of them failed to show any association
with amyloid deposition or grey matter volume.'*® This
might reflect the emergence of anosognosia corresponding
to the progressive decrease in awareness of cognitive defi-
cits. Anosognosia is indeed known to be present in the
dementia, and even MCI, stages of Alzheimer’s dis-
ease.'”>!8 Thus, as cognitive awareness decreased, subject-
ive cognitive decline may less accurately reflect cognitive
impairment and the underlying neurodegeneration.

In the present study, we aim at providing a comprehen-
sive overview of the changes in subjective cognitive de-
cline and their neural substrates over the entire clinical
continuum from normal cognition to Alzheimer’s-type de-
mentia. As subjective decline in memory, rather than in
other domains of cognition, increases the likelihood of
Alzheimer’s disease in SCD patients,"*'? we used a score
of SMD for this purpose. First, we compared the SMD
score to a score of objective memory performances be-
tween clinical groups across the entire clinical spectrum
from normal cognition to Alzheimer’s-type dementia.
Second, we assessed the links between this SMD score
and neurodegeneration (i.e. brain volume and glucose me-
tabolism), both (i) within each clinical group and (ii)
within the entire sample assessing the interactive effect of
the level of cognitive impairment as measured with the
MMSE. We repeated all analyses in two independent
cohorts with complementary strengths.
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Materials and methods

The analyses were performed on the Imagerie Multimodale
de la maladie d’Alzheimer a un stade Précoce (IMAP+)
primary cohort. Confirmatory analyses were run on an in-
dependent and complementary sample from the ADNI
(www.adni-info.org). IMAP+ data were obtained at a sin-
gle centre (Cyceron Center, Caen, France) with all partici-
pants scanned on the same MRI and PET cameras. ADNI
data were multicentric and obtained from over 50 sites
throughout the USA and Canada.

Two hundred participants from IMAP+ were included.
There were 67 cognitively unimpaired elderly (controls),
36 SCD patients, 60 patients with MCI and 37 patients
with dementia. Participants from the SCD, MCI and de-
mentia groups were all recruited from local memory clin-
ics. The full methodology for the cohort recruitment and
evaluation was detailed in previous publications.”>!%*°
Briefly, participants were all aged over 50years, had at
least 7years of education, no history of alcoholism, drug
abuse, head trauma, or psychiatric disorder. The inclu-
sion and group classification of the participants were
based on a clinical interview and a standardized neuro-
psychological assessment, according to internationally
agreed criteria for SCD,"! MCI*' and probable
Alzheimer’s disease®” with predominant amnestic deficits
for as the so-called dementia group. As a first step, only
clinical criteria were used to define these groups. Then as
a second step, analyses were repeated including only
amyloid-positive participants (see below). The IMAP+
study was approved by the local ethics committee (CPP
Nord-Ouest III) and registered at http://clinicaltrials.gov
(nb. NTC01638949). After a complete description of the
study, written informed consent was obtained from all
participants.

Data from 731 participants within ADNI were included
for the replication study. There were 147 controls, 84
SCD, 369 MCI and 121 dementia patients. The full
methodology for the cohort recruitment and evaluation
can be found at http://adni.loni.usc.edu/. Briefly, controls
and SCD patients had a global score of 0 at the CDR*?
scale, MCI patients had a CDR score of 0.5 and patients
with dementia had a CDR score of 1 or greater. In add-
ition, MCI and dementia patients met standard diagnostic
criteria for MCI** or probable Alzheimer’s Disease,”” re-
spectively. SCD patients from ADNI were not recruited
from a memory clinic as in IMAP+; they were recruited
from the general population and distinguished from the
controls based on their level of subjective cognitive de-
cline as reported by the participant himself, his/her part-
ner, or the clinician, using the Cognitive Change Index
(total score from first 12 items >16).® The ADNI study
was approved by the institutional review boards of all of
the participating institutions. Informed written consent
was obtained from all participants at each site.


http://www.adni-info.org
http://clinicaltrials.gov
http://adni.loni.usc.edu/
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In IMAP+ and ADNI, the neuropsychological assessment
covered similar cognitive domains, although different tests
were used. To aid comparability between cohorts and
scores, SMD and objective memory raw scores described
below were transformed into w-scores, i.e. age-, sex- and
education-adjusted z-scores relative to controls.”***

In IMAP+, subjective cognitive decline was assessed with
the CDS,”” a 39-item questionnaire that requires partici-
pants to rate how often they experience particular cogni-
tive difficulties in everyday life on a 5-point scale (from
‘never’ = 0 to ‘very often’ = 4). Five items are usually
removed as they are too strongly related to sex and age-
specific cultural norms (e.g. related to cooking or sew-
ing),”® leading to the so-called reduced-CDS score corre-
sponding to the sum of the 34 remaining items.”’
Because subjective decline in memory is more likely to be
associated with Alzheimer’s disease than other domains
of cognition (see ‘Introduction’ section), we used a mem-
ory score derived from the CDS as defined in a previous
publication based on a factorial analysis.”’ The memory
score was found to be the most sensitive to the evolution
of the disease as it best discriminated SCD patients from
both MCI and controls.”” The memory score was thus
used as the SMD score for the following analyses from
the IMAP+ cohort.

In ADNI, subjective cognitive decline was assessed with
the ECog,** a 39-item questionnaire that requires partici-
pants to rate the ability to perform everyday tasks now
as compared to the ability to do these same tasks
10 years earlier on a 4-point scale (from ‘no change’ = 1
to ‘consistently worse’ = 4). As for IMAP+, we used a
memory subscore derived from a factorial analysis con-
ducted on this scale®” as the SMD score.

The findings presented in the core article were obtained
using these SMD scores. For the sake of completeness,
analyses were repeated using a score of global subjective
cognitive decline (i.e. the reduced-CDS score for IMAP+
and the total ECog score for ADNI), and the correspond-
ing findings were reported as Supplementary data.

In IMAP+, objective episodic memory performances were
assessed using the delayed recognition subscores of the
ESR task (mean of the subscores from the two 16-word
lists).>! In ADNI, objective episodic memory performan-
ces were assessed using the Immediate subscore of the
RAVLT (sum of the five trials of the 15-word list).>> In
both cohorts, objective global cognition was assessed
using the MMSE.?* Note that higher scores indicated bet-
ter objective memory/cognitive performances for all tests.

E. Kuhn et al.

In IMAP+ and ADNI, an index of memory awareness,
called as the delta score, was computed for each partici-
pant.>**3 The delta score was obtained by subtracting
the reversed SMD w-score from the objective memory w-
score. More specifically, (i) the two scores of interest
were standardized and transformed into age-, sex- and
education-adjusted z-scores relative to controls, corre-
sponding to w-scores; (ii) the SMD score was reversed so
that, as for the objective memory score, a high score indi-
cated a high self-rated level of performance; (iii) then the
reversed SMD w-score was subtracted from the objective
memory w-score. A positive delta score indicated that the
participant overestimated his/her difficulties as compared
to his/her objective performances, while a negative delta
score indicated that the participant underestimated his/her
difficulties, likely reflecting anosognosia.>®

In IMAP+, high-resolution T;-weighted anatomical MRI,
FDG-PET and '8F-Florbetapir-PET images were acquired to
measure grey matter volume, cerebral glucose metabolism
and amyloid deposition, respectively. All participants were
scanned at the Cyceron Center (Caen, France), on the same
MRI (Philips Achieva 3.0T scanner) and PET (Discovery
RX VCT 64 PET-CT) cameras. The detailed acquisition
and pre-processing procedure is available in previous publi-
cations,””*® and provided in the Supplementary material 1.
Briefly, MRI images were segmented and normalized to the
Montreal Neurological Institute space, PET images were
preprocessed using MRI for co-registration and normaliza-
tion, and participant uptake values were extracted in a pre-
determined neocortical mask on Florbetapir-PET data.
Participants were classified as amyloid (florbetapir) positive
or negative using a threshold based on healthy young con-
trols (see Supplementary material 1).

For ADNI, full information regarding the acquisition
of anatomical MRI, FDG- and Florbetapir-PET data is
provided at http://adni.loni.usc.edu/data-samples/data-
types/. ADNI participants were selected to have a max-
imum interval of 3 months between the three neuroi-
maging examinations. To allow comparison between
cohorts, IMAP+ pre-processing procedures were repli-
cated on ADNI data.

For the sake of completeness, all analyses with FDG-
PET were repeated using PVC images to ensure that the
results did not reflect partial volume effects. Moreover,
all analyses were repeated in a subgroup only including
amyloid-positive participants to assess whether results re-
main the same in participants within the Alzheimer’s con-
tinuum. The sample size for each corresponding analysis
is indicated in Supplementary Table 1.


https://academic.oup.com/braincomms/article-lookup/doi/10.1093/braincomms/fcab199#supplementary-data
https://academic.oup.com/braincomms/article-lookup/doi/10.1093/braincomms/fcab199#supplementary-data
https://academic.oup.com/braincomms/article-lookup/doi/10.1093/braincomms/fcab199#supplementary-data
http://adni.loni.usc.edu/data-samples/data-types/
http://adni.loni.usc.edu/data-samples/data-types/
https://academic.oup.com/braincomms/article-lookup/doi/10.1093/braincomms/fcab199#supplementary-data
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Differences in demographic and clinical variables were
assessed both across clinical groups within each cohort,
and across cohorts within each clinical group, using
ANOVA and post hoc Tukey-tests for continuous varia-
bles, and using x> tests for categorical variables.

To compare the SMD, objective memory and delta
scores between clinical groups, ANOVA were performed.
The percentage of participants with a positive/negative
delta score was also compared between clinical groups
using y” tests.

To determine the relationships between the SMD score
and neurodegeneration (i.e. atrophy and glucose hypome-
tabolism) within each clinical group, a voxelwise full fac-
torial design was carried out using the SPM12. In brain
regions where a statistically significant correlation was
found, values were extracted in order to plot the correl-
ation between these neuroimaging values and the SMD
score using the R software. Then, a voxelwise full factor-
ial design was carried out in SPM12 in order to test the
interactive effect of the level of cognitive impairment, as
measured by the MMSE score, on the link between the
SMD score and neurodegeneration — including atrophy or
glucose hypometabolism. In brain regions where there
was a statistically significant interaction, neuroimaging
values were extracted in order to plot the correlation be-
tween these neuroimaging values and the SMD score for
each MMSE tertile score using the R software. The influ-
ence of age, sex and education was regressed out in all
statistical models. For the sake of completeness, the inter-
active effect of the level of cognitive impairment was also
tested using a score of episodic memory (i.e. the ESR or
RAVLT according to the cohort) instead of the MMSE.

All statistical analyses were performed in both inde-
pendent cohorts (i.e. IMAP+ primary cohort and ADNI
replication cohort). Statistical analyses were performed
with statistical significance set at P <0.05, using R (ver-
sion 3.6.1; https://cran.r-project.org/bin/windows/base/old/
3.6.1/). For neuroimaging analyses, the statistical signifi-
cance was set at Pupcorrected<0.005 combined with a min-
imum cluster size determined by Monte-Carlo simulation
using the Cluster-Sim program to achieve a statistical sig-
nificance corrected for multiple comparisons of P <0.05
(Supplementary Table 2). Results obtained at the same
statistical threshold but with a lower cluster size were
considered as trends.

IMAP+ data used within this study are not publicly
available due to them containing information that could
compromise participant consent and confidentiality but
they are available from the corresponding author to re-
search groups wishing to reproduce/confirm results under
reasonable request, and pending approval by the study

E. Kuhn et al.

coordinator. ADNI data used in this study were obtained
from the public ADNI database (adni.loni.usc.edu).

Results

Demographic and clinical characteristics of the study par-
ticipants within each cohort, as well as differences be-
tween-groups and between cohorts, are indicated in
Table 1. Within cohorts, expected between-groups differ-
ences were observed regarding global cognition, the pro-
portion of Apolipoprotein E allele ¢4 and amyloid SUVr.
Between-cohort comparisons showed that IMAP+ partici-
pants were younger (P <0.001 for all groups except the
MCIL, P=0.67) and less educated (P<0.001 for all
groups) than ADNI participants. Moreover, amyloid
SUVr was lower in IMAP+ than in ADNI for controls
(P<0.001) and SCD patients (P=0.01), and the MMSE
score was lower in IMAP+ than in ADNI for MCI and
dementia patients (all P <0.001; Table 1).

In IMAP+, between-group comparisons showed that the
group mean SMD score was higher in all patient groups
versus controls, but did not significantly differ between
patient groups, except between SCD and dementia
patients. The mean objective memory score significantly
decreased from controls and SCD patients to MCI to de-
mentia patients (Fig. 1A). The mean delta score progres-
sively decreased from controls and SCD patients to MCI
to dementia patients (Fig. 2A left side). Moreover, the
percentage of participants with a negative delta score sig-
nificantly decreased from controls (46.27%) to SCD
patients (19.44%) and increased from controls and SCD
patients to patients with MCI (73.33%) and dementia
(89.66%) (Fig. 2A right side).

In ADNI, between-group comparisons showed that the
group mean SMD score significantly increased from con-
trols to SCD patients to patients with MCI and dementia;
whereas the mean objective memory score significantly
decreased from controls and SCD patients to MCI to de-
mentia patients (Fig. 1B). The mean delta score decreased
in patients with dementia compared to the three other
groups and in MCI compared to SCD patients (Fig. 2B
left). Moreover, the percentage of participants with a
negative delta score significantly increased from controls
(47.77%) to dementia patients (91.73%) and from SCD
(39.29%) to MCI to dementia patients, while it tended
to increase from controls to MCI patients (56.79%,
P=0.07) (Fig. 2B right).


https://cran.r-project.org/bin/windows/base/old/3.6.1/
https://cran.r-project.org/bin/windows/base/old/3.6.1/
https://academic.oup.com/braincomms/article-lookup/doi/10.1093/braincomms/fcab199#supplementary-data
adni.loni.usc.edu

Subjective decline and neurodegeneration

BRAIN COMMUNICATIONS 2021: Page 7of I5 | 7

IMAP+ primary cohort

|
&
"

|
@
'

SMD w-score (reversed) and
Objective episodic memory w-score
3 s

-12=-

Cm‘:l'.mls Séﬂl Mtl Demlenna

ADNI replication cohort

A

o & T —
o § 4-
& z 2-
o :
1 +'9' *-l-
o =2= . ]
E E i e o
~0
28 . .
83
e i
g g -10-

= .
=0 -12- —

o -14-

Conl'.mls SéD M.CI Dcn{enha

B

SMD w-score (reversed) and
Objective episodic memory w-score
::. s
1
b |
=
: _._ 3
: .
| —l-
—--

Conl'.ldb S(.JD MCI Dementia

SMD w-score reversed
(CDS or Ecog)

SMD w-score (reversed) and
Objective episodic memory w-score

'
Dementia

Controls sCD MCi

. Objective episodic memory w-score

(ESR or RAVLT)

Figure | Between-group comparisons of the mean subjective and objective episodic memory scores within the two
independent cohorts. Scores correspond to reversed SMD w-scores (in red) and objective episodic memory w-scores (in
blue), such that lower scores indicate greater subjective memory decline and poorer memory performances, respectively.
(Left panel) Boxplot illustrating the results of post hoc Tukey-test after ANOVA showing the mean (bold horizontal line), interquartile range
(box), total range (whiskers) and outliers (black dots). (Right panel) Graphs indicating the distribution of participants’ values and average for
each clinical group connected by a line. (A) Data for the IMAP-+ primary cohort, with the CDS in red and the ESR in blue. (B) Data from the
ADNI replication cohort, with the Ecog in red and the RAVLT in blue. *P < 0.05, **P < 0.01, ***P < 0.001 for the between-group comparisons.

Relationships between subjective
memory decline and
neurodegeneration

Voxelwise multiple regressions with FDG-PET and
MRI across clinical groups

In IMAP+, voxelwise multiple regressions revealed sig-
nificant associations between the SMD score and glucose
metabolism within each patient group, but in opposite
directions according to the clinical group. In SCD
patients, a higher SMD score correlated with lower glu-
cose metabolism in the temporal and frontal cortex, in-
sula and putamen; while in patients with MCI or with
dementia, a lower SMD score correlated with lower

glucose metabolism in the medial temporal lobe and the
temporo-parietal region, respectively. The SMD score
was also significantly associated with grey matter vol-
ume in SCD patients, where a higher SMD score corre-
lated with lower grey matter volume in the
supramarginal gyrus. No association was found in the
controls (Fig. 3A).

In ADNI, similar opposite relationships were observed
with a trend for negative correlations in early stages
and positive correlations in late stages. However, there
were differences in the specific clinical groups where the
relationship was significant, and the topography of the
results also differed. Thus, in controls, a higher SMD
score was related to lower grey matter volume in the
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Figure 2 Clinical group comparisons of the mean delta score within the two independent cohorts. Scores correspond to
delta scores (in purple), i.e. the subtraction of the reversed SMD from the objective episodic memory w-score. (Left panel)
Graphs indicate boxplot and results of post hoc Tukey-test after ANOVA showing the mean (bold horizontal line), interquartile range (box),
total range (whiskers) and outliers (black dots). (Right panel) Histograms illustrating the percentage of negative versus positive delta scores
for each clinical group and results of % tests of the pairwise between-group comparisons of these percentages. Positive delta scores indicate
that participants overestimate their difficulties as compared to their objective performance, while negative delta scores indicate that
participants underestimate their difficulties, likely reflecting anosognosia. (A) Data for the IMAP+- primary cohort. (B) Data for the ADNI
replication cohort. *P < 0.05, *P < 0.01, ***P < 0.001 for the between-group comparisons.

angular gyrus (Fig. 3B), while in dementia patients a
lower SMD score was associated with lower glucose
metabolism and grey matter volume in the posterior cin-
gulate cortex, precuneus and frontal areas, as well as
lower grey matter volume in the medial temporal lobe,
hypothalamus and nucleus accumbens. The MCI showed
an intermediate profile with a slighter (r=0.18 com-
pared to 0.38 in controls) but significant negative rela-
tionships such that a higher SMD score was associated
with lower grey matter volume in the hippocampus and
amygdala.

In IMAP+, a negative interaction was found between the
MMSE and the SMD scores on glucose metabolism in
temporo-parietal regions. The interactive effect was such
that a higher SMD score was related to lower metabol-
ism in participants in the highest MMSE tertile (i.e.
>28), while a lower SMD score was related to lower me-
tabolism in participants in the lowest MMSE tertile (i.e.
<27). No significant correlation was found in partici-
pants in the intermediate MMSE tertile (Fig. 4A).
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Figure 3 Relationships between subjective memory decline and neurodegeneration through voxelwise multiple regressions
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P <0.005 combined with a cluster-level correction for multiple comparisons; and graphs on the right side illustrate the
corresponding regressions. All analyses were adjusted for age, sex and education. (A) Data for the IMAP+ primary cohort.

(B) Data for the ADNI replication cohort. NS, Not Significant.

In ADNI, results were globally recovered for glucose me-
tabolism with a negative interaction between SMD and
MMSE scores, although in partly distinct brain regions,
i.e. in the medial temporal lobe, posterior cingulate cortex,
precuneus, prefrontal and anterior cingulate cortex, insula,
caudate nucleus and thalamus. In contrast to what was
observed on IMAP+ data, a negative interaction between
SMD and MMSE scores was also found on grey matter
volume in the medial temporal lobe and caudate nucleus.
The interactive effect was such that a higher SMD score
was related to lower metabolism and lower grey matter
volume in participants in the highest MMSE tertile (i.e.
>28), while a lower SMD score was related to lower me-
tabolism and grey matter volume in participants in the
lowest MMSE tertile (i.e. <27). In the intermediate
MMSE tertile, a higher SMD score was only related to
lower grey matter volume (Fig. 4B).

There was also a positive interaction in the IMAP+ co-
hort between the MMSE and the SMD scores on grey
matter volume in the occipital cortex showing a link in

participants in the highest MMSE tertile (i.e. >28) only,
while no significant association was found in the other
MMSE tertile groups. Yet, this positive interaction was
not recovered in the ADNI replication cohort and no
other positive interaction was found.

Additional analyses

A series of additional analyses were conducted for con-
firmation purposes.

Interactive effect of the level of memory
impairment

The analyses assessing the interactive effects of the level
of cognitive impairment on the relationships between the
SMD score and neurodegeneration were repeated using a
measure of episodic memory (the ESR or RAVLT w-
scores depending on the cohort) instead of the MMSE
score. Results were similar to those obtained with the
MMSE, showing a negative interaction between the
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episodic memory score and the SMD score on glucose
metabolism, in both IMAP+ and ADNI cohorts, in
extended brain areas including frontal, temporal and tem-
poro-parietal areas as well as the posterior cingulate and
precuneus. No such interactive effect was detected on
grey matter volume, however, in any of the two cohorts
(Supplementary Fig. 1).

Relationships between subjective memory decline

SCD

6

MCI + Dementia

and neurodegeneration using PVC images

Neuroimaging analyses were replicated using PVC FDG-
PET images. Findings were very similar with only slight
differences in the level of significance or size of clusters
as illustrated in Supplementary Fig. 2 and Supplementary

Fig. 3.
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For both cohorts, all neuroimaging analyses were
repeated including only the amyloid-positive participants
and results were overall comparable. Indeed, the opposite
relationship between the SMD score and glucose metabol-
ism or grey matter volume across the Alzheimer’s con-
recovered (i.e. negative correlations in
controls, SCD and/or MCI patients; while positive corre-
lations in MCI and/or dementia patients according to the
cohort), together with the negative interactive effect of
the level of cognitive or memory impairment on these
relationships  (Supplementary Fig. 4 and
Supplementary Fig. 5). Subtle differences were vyet
observed in the statistics such that some of these relation-
ships did not survive to the cluster-level correction for
multiple comparisons (likely due to the reduction in sam-

tinuum was

voxelwise

ple sizes), while some relationships became significant
(e.g. the negative correlation between the SMD score and
glucose metabolism in the IMAP+ controls) but the over-
all pattern remained the same.

All analyses were finally repeated using a measure of sub-
jective cognitive decline (the reduced-CDS or total-Ecog
depending on the cohort) instead of subjective memory
decline (the SMD score). Findings were very similar with
only slight differences in the level of significance or the
size of clusters as illustrated in Supplementary Fig. 6 and
Supplementary Fig. 7.

Discussion

The current study aimed at providing a comprehensive
overview of subjective memory decline across the clinical
continuum from cognitively unimpaired elderly to patients
with Alzheimer’s-type dementia. Our main findings were
that (i) the gap between subjective memory decline and
objective memory performances increased across clinical
stages, with a decrease in memory awareness at the de-
mentia stage, which could start from the MCI stage; and
(ii) the pattern of association between subjective memory
decline and neurodegeneration changed across clinical
groups and according to the level of cognitive impair-
ment. A negative association was found in participants at
early stages of the clinical continuum (i.e. in SCD/MCI
patients in IMAP+/ADNI, or in participants with an
MMSE score >28 in both cohorts), where a higher SMD
score correlated with lower grey matter volume and/or
glucose metabolism. In contrast, a positive association
was found at later stages (i.e. in patients with MCI and/
or dementia, or in participants with an MMSE score
<27), where a lower SMD score was related to greater
neurodegeneration.
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This study showed that the SMD score was higher in all
patient groups compared to controls, but only marginally
increased from the SCD stage (significantly only from
SCD to dementia in IMAP+, and significantly from SCD
to MCI, but not from MCI to dementia, in ADNI). In
contrast, as expected, the objective memory score was
not altered in SCD compared to controls, but declined
from SCD to MCI and again from MCI to dementia
stages. The extent of the difference between the subjective
(SMD) and the objective memory scores within each clin-
ical group has been specifically assessed with the delta
score, an index of memory awareness. The results indi-
cated that the level of memory awareness in SCD patients
did not differ from controls, although the percentage of
participants with a positive delta score was higher in
SCD patients compared to controls (only significant in
the IMAP+ cohort). SCD patients, especially those
recruited from memory clinics, thus tended to overesti-
mate their memory difficulties relative to their perform-
ance in objective tests, which was expected as SCD
patients are defined as cognitively unimpaired elderly
who subjectively experience a decline in cognitive func-
tioning. These results might indicate that SCD patients
perceive subtle changes in their memory functioning that
cannot (yet) be objectivized by the standard memory tests
which may lack sensitivity. By contrast, patients with
MCI and/or dementia both showed a lower level of mem-
ory awareness, with a higher percentage of participants
with a negative delta score, compared to controls and/or
SCD patients, with MCI patients being intermediate be-
tween controls/SCD and dementia patients. Later clinical
stages are thus characterized by a lower memory aware-
ness suggestive of anosognosia, classically described in
patients with dementia and thought to start as early as
the MCI stage.?” This is in line with previous studies that
indicated a frequency of anosognosia symptoms increas-
ing across the clinical continuum of Alzheimer’s disease
and over time.'”+*0~%2

The increasing level of anosognosia across the clinical
stages of Alzheimer’s disease might explain the switch we
found in the relationships between the SMD score and
neurodegeneration across clinical groups or depending on
the level of cognitive impairment. Specifically, in the less
impaired participants, a higher SMD score was related to
less glucose metabolism; while at later stages, in partici-
pants with objective cognitive impairment, a lower SMD

score was associated with less glucose metabolism.
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Interestingly, this general trend was found in both
cohorts. In ADNI, these findings were extended to grey
matter volume, likely reflecting the higher statistical
power associated with increased sample sizes. There were
yet differences between cohorts in the specific clinical
group where these relationships were significant. For in-
stance, the negative relationship between the SMD score
and neurodegeneration neuroimaging biomarkers found
in the IMAP+ SCD patients was not recovered in the
ADNI SCD but was found in the ADNI MCI patients in-
stead. These differences probably reflected the differences
in the definitions of the clinical groups. Thus, the ADNI
SCD patients were not recruited from memory clinics as
in IMAP+ but from the community, and they might be
closer to the IMAP+ controls. Consistently, the percent-
age of SCD patients with a positive delta score was
higher than that in controls in IMAP+ while it was the
same as in controls in ADNI. As for the MCI patients,
they also seem to be less advanced in the clinical con-
tinuum in ADNI than in IMAP+, as indicated by their
higher MMSE score, making them cognitively close to
the IMAP+ SCD patients. Consistently, MCI patients did
not significantly differed from controls in terms of mem-
ory awareness in ADNI (delta score and percentage of
negative delta), while they had a significantly lower mem-
ory awareness in IMAP+. The switch in the relationships
between the SMD score and neurodegeneration therefore
existed in both cohorts but was highlighted between dif-
ferent clinical groups. A negative relationship was also
found between the SMD score and neurodegeneration in
the ADNI controls; given the location of this cluster (in
the very bottom of a lateral occipital sulcus), this result
is thought to reflect spurious effect due to inter-individual
variability in the anatomy of this region. Interestingly,
when using the interactive approach with the level of
cognitive impairment instead of clinical groups, these dif-
ferences were annihilated and the same general effects
could be recovered in both cohorts. Although correlation
coefficients were relatively weak, negative links between
SMD score and glucose metabolism were found in partic-
ipants with MMSE >28, whereas there were positive
links in participants with MMSE <27. The topography
yet partly differed between cohorts, which could also re-
flect overall differences in the cohorts (e.g. differences in
the amyloid SUVr and in the education level), although
no direct relationships were found between education
level and the SMD or delta scores (see Supplementary
Table 3).

Our findings are overall consistent with previous stud-
ies showing that, in SCD patients, higher SMD score was
related to greater neurodegeneration.®’ Brain regions
found to be involved are also similar to those highlighted
in previous studies, including the (para-)hippocampal area
for grey matter volume®'® and prefrontal and temporal
cortex for glucose metabolism.'?***** The insula was not
reported in previous studies, but its involvement, as high-
lighted here, might reflect the role of this structure in the
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salience network® and interoception/metacognitive proc-
esses.*®*” Finally, brain regions related to the SMD score
in SCD patients also partly overlap with AD-sensitive
areas (in the hippocampus and temporo-parietal cortex),
although not encompassing more posterior associative
brain regions. Altogether, this suggests that, at this stage
(i.e. in SCD patients recruited from memory clinics), a
high SMD score might reflect different processes includ-
ing normal ageing, sleep disorders, anxiety and depres-
sion, and possibly as well Alzheimer’s disease-related
neurodegenerative processes.*®

At later stages, i.e. in patients with MCI and/or demen-
tia, the relationships found between the SMD score and
both grey matter volume and glucose metabolism were in
the opposite direction, with a lower score being associ-
ated with lower grey matter volume and glucose metabol-
ism. Only a few studies investigated the neuroimaging
correlates of the SMD score, and they did not find an as-
sociation with grey matter volume,'*'® and only one
used FDG-PET and found lower SMD score linked to
lower glucose metabolism.*” Several studies however
assessed the links with anosognosia at these stages, corre-
sponding to the discrepancy between SMD and objective
memory scores or between self- and informant-report of
memory decline. These studies showed a link between
anosognosia and reduced glucose metabolism in front-
al*=' and temporo-parietal*>**** regions, or with
reduced volume in the prefrontal and cingulate cor-
tex,”** and in the medial temporal lobe.’® In the present
study, the brain regions found to be significantly associ-
ated with the SMD score across cohorts and groups
included the precuneus, posterior cingulate, prefrontal,
medial temporal cortex and temporo-parietal regions.
These brain regions are overall very similar to the brain
regions found to be associated with anosognosia in previ-
ous studies, suggesting that a lower SMD score could re-
flect the onset of a decreased awareness in MCI and
dementia patients. Moreover, these regions are part of
the Default Mode Network — thought to be involved in
self-related processes and memory — and include the brain
regions the most sensitive to AD.*”*® Hence, in later
stages of the disease, a lower SMD score seems to be re-
flective of higher anosognosia and more advanced AD-
related neurodegeneration, consistent with previous stud-
ies showing that higher anosognosia was linked to worse
disease burden profile.’”¢!

The major strength of the current study was to provide
an overview of the changes in subjective memory decline
and its links with neurodegeneration across the entire
clinical continuum from normal cognition to Alzheimer’s-
type dementia. Most of previous studies have focused on
one or another stage of this continuum, and this overall
assessment allowed us to get a more comprehensive
understanding of the differential meaning of this measure
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depending on the clinical stage. In addition, we repeated
our analyses in two independent cohorts (i.e. IMAP+ and
ADNI), and using different methodological approaches
(i.e. across clinical groups versus according to the level of
cognitive or memory impairment), and were able to re-
cover the switch in the relationships between the SMD
score and neurodegeneration across clinical groups or de-
pending on the level of cognitive impairment. We also
ensured that the results with FDG-PET were not signifi-
cantly impacted by partial volume effects, and repeated
all analyses in a subsample of amyloid-positive partici-
pants. Our findings thus appear to be reliable as they
were overall recovered in supplementary analyses.

However, some limitations must be noted. First, mean
differences between groups were reported with yet rela-
tively large within-group variability in the measures so
that effect sizes were relatively small; this variability
might lead to detect spurious relationships — as also men-
tioned above for the results in the ADNI controls.
Second and as discussed above, the definitions of the
clinical groups differed according to the cohort and led
to some differences in the results. Third, the results are
not representative of the general population as most par-
ticipants were white, Caucasian and highly educated; fur-
ther studies on more diverse populations are needed.
Fourth, the study was cross-sectional, so the links with
clinical or neurodegeneration changes over time were not
assessed. Moreover, the study focused on subjective mem-
ory decline (or a global score of subjective cognitive de-
cline) but did not assess the links with the subjective
decline in other cognitive domains. Future studies are
needed to further assess the changes, e.g. in language or
executive functions, across the clinical continuum of
Alzheimer’s disease and their links with neurodegenera-
tion, especially as their association with future cognitive
decline or dementia is poorly understood.®*®® It is also
important to note that there are currently no validated
measures of subjective cognitive or memory decline, rang-
ing from a simple question to more or less comprehensive
scales.®®** Here, the scales used in both IMAP+ and
ADNI cohorts were based on several items, and it would
be interesting to determine which items from these scales
are the most relevant for a better clinical use of these
measures. Such questions are actually addressed in proj-
ects related to the SCD-initiative.! Additionally, there was
a growing interest for the informant-reported cognitive
decline, and it would be interesting to determine if the
patterns found with the SMD score would be similar or
different across the clinical continuum of Alzheimer’s dis-
ease using the informant report.

Conclusion

As a whole, our findings suggest that subjective memory
decline should be interpreted differently across the clinical
continuum from normal cognition to Alzheimer’s-type
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dementia, with an opposite association between SMD
score and neurodegeneration according to the clinical
group or the level of cognitive impairment. At early stages
— in SCD patients recruited from memory clinics and par-
ticipants with MMSE >28 — a higher SMD score was
linked to greater neurodegeneration and likely indicates an
increased risk of Alzheimer’s disease. Conversely, at later
stages — in patients with MCI and/or dementia or in par-
ticipants with MMSE <27 - participants underestimate
their difficulties as they tend to show anosognosia, such
that their lower SMD score was linked to greater neurode-
generation and would rather reflect more advanced disease
progression.

Supplementary material

Supplementary ~ material  is
Communications online.

available at  Brain
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